The achievement of recycling programs depends essentially on the active and sustained involvement of people. In order to investigate factors that influence households' decision to participate in recycling programs, this research applied directed interviews, observations, and questionnaire surveys to study recycling behavior of 381 randomly selected individuals in Bangkok. The study employed the theory of planed behavior as the main framework and injected sociodemographic, economic, and situational factors into the model to examine how these factors integrate to either stimulate or restrain recycling involvement of people. The results of the estimated logistic regression models suggested that the adequacy of information regarding recycling and resident period in the current place directly predicted recycling behavior, whereas the condition of recycling facility and personal recycling skill provided both a direct effect on the actual behavior and an indirect effect via recycling intention. In contrast, the psychological factors; attitude toward recycling, subjective norm, and awareness of recycling benefit, only indirectly influenced recycling behavior through the intention. The economic incentive, perceived efforts on time and space, and other demographic variables were not found significant in both levels.
Introduction
Solid waste generation in Thailand has increased extensively along with population growth, economic expansion, as well as changes in consumption patterns. The Pollution Control Department [1] reported that the amount of generated waste had risen from 30,640 tons per day in 1993 to 41,023 tons per day in 2008. The excessive solid waste generation without proper treatments caused environmental effluences and has become an emerging concern. Recycling has been broadly promoted as one of the waste management strategies to reduce materials that need to be disposed of as well as to utilize valuable waste. Still, the recycling participation rate is rather low. Only approximately 20% of over 15 million tons of annually generated waste is being recycled, whereas it is estimated that the potential recyclable waste in Thailand is as high as 40-60% [2] .
To encourage people to co-operate in recycling programs, it is important to understand the factors that influence people's behavior toward recycling. Despite its necessity, research on understanding the mechanism of the recycling decision of households in Thailand is critically rare. In response to the need, this research aims to investigate the role of socio-demographic factors, psychological factors, economic factors, and situational factors in influencing recycling behavior of Thai people in an integrated perspective.
Theoretical framework
The theory of reasoned action (TRA) and theory of planed behavior (TPB) have been well comprehended as models that provide a framework to explain the determinants of behavior in a social and psychological perspective. The TRA suggests that behavior is a direct function of intention which is formed by attitude toward that behavior and subjective norm. When one has high intention, it is likely that he or she will perform the behavior [3] . The TPB is an extension of TRA, proposed by Ajzen et al. [4] . In addition to the attitude and subjective norm, TPB adds the concept of perceived behavioral control (PBC) which is developed from self-efficacy theory originated by Bandura [5, 6] into the model. The PBC not only influences intention but also directly influences behavior. The TRA and TPB have been extensively applied to predict recycling behavior on many occasions [7] [8] [9] [10] [11] [12] [13] . However, many researchers supported the fact that there are other variables besides the elements of TRA and TPB that predict environmental behaviour [7, 8, [12] [13] [14] [15] [16] [17] [18] [19] [20] . This study considered relevant factors in accordance with previous studies and employed the TPB as the critical framework of the research.
Research design

Instrument development
The data of this research were obtained from personal interviews based on a structured questionnaire, designed following previous literature [10-13, 15, 21] . Pre-tests were held two times prior to the main survey to examine the quality of the questionnaire items. Participants in the pre-tests were 80 Thai citizens who had dwelled in Bangkok for at least 90 days. In addition to the close-ended questionnaire, an open interview was also applied to acquire personal opinions. The internal consistency of question dimensions was measured by Conbach's www.witpress.com, ISSN 1743-3541 (on-line)
WIT Transactions on Ecology and The Environment, Vol 167, © 2011 WIT Press alpha coefficient which indicates the degree to which a set of items measures a single unidimensional latent construct, values from 0 to 1. Values above 0.7 indicate a good internal consistency [22] . The results of the second pre-test were satisfied in every question, with the alpha coefficients ranged from 0.71 to 0.88. The verified questionnaire survey consisted with 3 parts; 1) questions regarding socio-demographic information, 2) questions regarding recycling behavior and intention, and 3) six-point scales question items on psychological, situational, and economic factors (strongly disagree=1 to strongly agree=6).
Sampling and data collection
Bangkok was selected for the study area. The target population was individuals who had been living in Bangkok for not less than 90 days. A multi-stage sampling method was applied to gather research samples. The information of a total of fifty districts in Bangkok was firstly examined. Inner-Bangkok, which is classified as a residential and business area [23] , was selected as the interest group. Pathumwan district was randomly selected from 21 districts in the next stage by drawing lots. In the third stage, the number of samples required was calculated by using Krejcie and Morgan's formula [24] .
where n=required sample size, X 2 =table value of chi-square for 1 degree of freedom at the 95% confidence level (3.841), N=population size, P=population proportion (assumed to be 0.50 since this would provide the maximum sample size), and d=degree of accuracy expressed as a proportion 0.05 or 5% margin error.
According to the population and housing statistics provided by the Department of Provincial Administration [25] , Pathumwan district has a population of 58,858 people (male 27,463; female 31,395) as of 2009. Based on the sampling formula, 381 samples were required at a 5% margin of error. In the last stage, the number of samples required for each sub-district (Roungmuan, Wangmai, Pathumwan, Lumphinee) in Pathumwan ward was calculated by the ratio-sampling method.
Analysis methodology
Logistic regression analysis was employed to estimate the significant effects of explanatory variables in the study. The logistic regression works with odds which refer to the ratio of proportions for the two possible outcomes [26] [27] [28] . If the probability of Y=1 is P, then 1-P is the probability when Y=0. The odds can be written as eqn. (1) .
Odds
Hence, the odds, or the ratio of the probability of Y=1 to its complement could be defined as eqn. (2) .
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where X refers to explanatory variables 1 to k and i refers to samples 1 to n. Since the odds can take any positive values and so have no ceiling restriction, a logistic transformation is applied to remove the floor restriction. A multiple logistic regression model is abbreviated as eqn. (3) logit Y 1|X log
Parameters in logistic regression model are estimated by the maximum likelihood method [26] . The statistical significance of each coefficient is evaluated using the Wald test. The regression coefficient represents the change in the logit of the probability from a unit change in the associated predictor, holding other factors constant. The coefficients or the log-odds can also be interpreted after anti-log, by exponentiating, as the change in the ratio of probability of outcome Y=1 over Y=0 for a unit change in the associated explanatory factor, ceteris paribus [27] [28] [29] . The goodness-of-fit of the logistic regression models in this study was analyzed using a) the -2log-likelihood statistic, or the deviance, which measures unexplained variation in the model. The larger the value expresses the less accurate the predictions of the model; b) the Omnibus test which is a likelihood-ratio chi-square test whether the coefficients of the variables in the model are all jointly equal to zero; c) the Hosmer & Lemeshow goodness of fit test which examines the null hypothesis that the model adjust well to the data; and d) the Nagelkerke R 2 which reveals the amount of variation in the outcome variable that is explained by the model, having maximum value equal to 1.
Data analysis
Descriptive analysis
The median age of the respondents was 28 years old. Most of the respondents were female (56.7%), had completed undergraduate school (63.3%), were single (70.9%), living in a single house (55.9%), and having a personal monthly income of 10,001 to 20,000 Thai baht (41.7%). Of the total 381 samples, 217 respondents (57%) reported that they involve themselves in recycling activities while 231 respondents (60.6%) reported that they have intentions to recycle. The samples demonstrated appropriate representatives of Bangkok population of which 52.4% is female; the median age is a range of 20 to 34 years old, per capita income on average equal to 11,284 Baht [30] . However, the sample group was better educated than the populations which have the average years of educational attainment at 12 years [31] .
Principal component analysis
Principal component analysis (PCA) was carried out prior to constructing the logistic regression model to examine the empirical dimensions of questionnaire data measured on ordinal scales [32, 33] . To measure the competence of PCA to the initial variables, the Kaiser-Meyer-Olkin (KMO) statistic and the Bartlett's test was performed. The KMO measure of sampling adequacy provides an index www.witpress.com, ISSN 1743-3541 (on-line)
WIT Transactions on Ecology and The Environment, Vol 167, © 2011 WIT Press ranges from 0 to 1. A value close to 1 indicates that patterns of correlations are relatively compact and so factor analysis should yield distinct and reliable factors. The Bartlett's test evaluates whether the correlation matrix of initial variables is significantly different from the identity matrix. The PCA can be applied if the hypothesis that these matrixes are equal is rejected [34, 35] . The results of the PCA performed with twenty-seven items on psychological, situational, and economic factors, obtained from the third part of the questionnaire survey, were summarized in table 1. No problematic collinearity across dimensions was found. The factor loadings demonstrated 10 dimensions. All components in aggregate explained 92.76% of the total variance in the data. KMO=0.73 showed a modest sampling adequacy of factor analysis. The Bartlett's test is highly significant at p-value equal to 0.00, approved that the PCA is applicable.
The seven non-scaled socio-demographic variables and ten scaled variables after performing PCA were double examined for multicollinearity problem by testing the Variance Inflation Factor (VIF) which measures the impact of collinearity among the independent variables in a regression model. As a rule of thumb, VIF of a variable above 10 indicates a multicollinearity problem [26] . The value of examined VIF ranged from 1.147 to 2.181, confirmed that there was no multicollinearity problem among seventeen explanatory variables.
Logistic regression analysis
The capability of variables at each level to predict relevant variables at subsequent levels was examined by hierarchical logistic regression analyses. To test whether the factors present direct effects on recycling behavior or indirect effects via the intention, explanatory variables in the study were estimated in two stages; the first stage with recycling intention as the dependent variable, the second stage with recycling behavior as the dependent variable. Both intention to recycle and recycling behavior were measured by self-report binary scale.
To measure the predictors of intention to recycle in the first stage, a two-step hierarchical logistic regression analysis was applied. The socio-demographic variables which are classified as the factors at the lowest level were entered on the first step. The seven variables together provided a model that correctly classified 64% of the sample (82.3% of sample with intention to recycle; 36% of sample with no intention to recycle). Hosmer and Lemeshow test was significant demonstrated that the model with only demographic variables did not adjust well to the data. Entering the ten variables on the next step amplified the percentage of respondents correctly classified to 90% (92.2% of sample with intention to recycle; 86.7% of sample with no intention). Hosmer and Lemeshow test become insignificant. Omnibus test of model coefficients was significant showed that inclusion of the second-step variables improved the model. Nagelkerke R 2 improved from 0.116 to 0.738. The value of -2log-likelihood also decreased from 476.680 to 210.823 presented more accurate the predictions of the model. The attitude toward recycling, external subjective norm, awareness of recycling benefit, perceived facility condition, and perceived recycling skill were significant predictors of recycling intention, table 2. In the second stage, a three-step hierarchical logistic regression analysis was employed to measure the predictors of recycling behavior. The recycling intention was entered into the model on the third step. The socio-demographic variables entered on the first step provided a model that correctly classified 63.3% of the sample (74.2% of recycler; 48.8% of non-recycler). Hosmer and Lemeshow test was still significant. Entering psychological, situational, and economic variables on the second step increased the percentage of respondents correctly classified to 89% (90.3% of recycler; 87.2% of non-recycler). Hosmer and Lemeshow test became insignificant. Omnibus test of model coefficients showed a significant contribution of the entered variables. Nagelkerke R 
Conclusions and discussions
This research aimed to acquire insights into household waste recycling behavior in Thailand by gaining an understanding of what factors influence households' decision to participate in recycling programs. The results demonstrated that the resident year and perceived adequacy of recycling information were direct predictors of recycling behavior, whereas the perceived facility condition and perceived recycling skill both directly influenced recycling behavior and indirectly influenced the behavior via intention. In contrast, the psychological factors; attitude toward recycling, external subjective norm, and awareness of recycling benefit, only provided indirect effect on recycling behavior. The results on subjective norm intensely suggested that recycling intention of people were likely to be influenced by norm of the involving societies than internal norm of household's members. The economic incentive, perceived efforts on time and space, and socio-demographic factors besides resident year were neither direct nor indirect predictors of recycling behavior. The reason why time and space were not significant predictors might be because the recycling programs were not advance to the rate that high effort on time and storing space become matters. The outcomes of the study suggest some directions for improving recycling participation. First, recycling facilities, services and other support systems should be expressly concerned. An insufficiency and inferiority of the system could largely demotivate willingness to recycle as well as hinder actual recycling behavior. Extensive attentions should be paid on the service accessibility and standard of disposal containers. The facility and service should be comfortable to get access. A universal standard of classification of separation container as well as sorting criteria should be clearly specified. Moreover, the actual installed facility must be steadied with information provided to people; otherwise it would cause further confusion and raise more perceived complexity of the recycling system. The significant impact of resident year, which in part reflected degrees of expertise in the facilities and services in the community, supported that a better understanding in the recycling system tended to positively affect recycling involvement of people.
In addition, perceived lack of recycling skills could be a significant barrier to recycling participation. Hence, people should be well educated how to recycle waste in practice; what materials should be separated, how to sort, and where to deposit them. The support systems and perceived recycling skills are crucial because these factors appeared to be the key factors of people's decision to drive their recycling intention to the actual action.
Policies on reinforcing positive attitude toward recycling and raising awareness of recycling benefits should also be concerned. Though the results revealed that the factors did not provided significant direct impact on recycling behavior, these two factors significantly influenced the intention to recycle which further manipulated the recycling participation.
Besides, people's recycling intention tended to depend significantly on recycling norm of their engaging communities. Whereas people were likely to intend to recycle when their involving societies have positive norm on recycling, people might also be hesitate to participate in recycling activities if they feel that recycling is an irregular practice in their participating societies. Therefore, it is important to make recycling an activist and favorable practice performed by a majority of people.
This study also has some limitations that should be refined. First, the behavior concerned in this study was self-reported. The respondents might be self-aware or have bias on reporting their recycling behavior. Other methods such as a diary report might be combined to overcome this limitation in the future study. Second, the survey covered only one geographical area. Future research might extend study areas and additionally investigate the different recycling behaviors of population with diverse characteristics and life styles, such as urban-rural citizens, to provide the best suit policy for different groups of people.
